We have tested a number of herpes simplex virus type 1 (HSV-1) populations for their ability to enter and express virus polypeptides in non-permissive rat XC cells. The viruses tested included 40 intratypic F(MP) recombinants and different batches of virus, belonging to the same strains, that had been produced in two different permissive systems (HEp-2 or Vero cells). Our results indicated that the ability to infect XC cells was determined in part by genetic elements of the virus genome and in part by phenotypic characteristics conferred by the permissive cell that had produced the virus: a virus strain like HSV-1 MP which, when produced in HEp-2 cells, was able to infect XC cells, lost this ability when produced in Vero cells. Working only with viruses produced in HEp-2 cells we showed that the ability to enter XC cells could be transferred from the MP strain to the F strain (which does not normally infect XC cells efficiently) by transfer of the cloned BamHI B (map units 0.745 to 0.81) or BamHI L (map units 0.706 to 0-745) fragments isolated from MP DNA. The implicated locus or loci seemed to segregate, however, from loci controlling gC synthesis and cell fusion, which have been described as mapping in the same region.
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We have tested a number of herpes simplex virus type 1 (HSV-1) populations for their ability to enter and express virus polypeptides in non-permissive rat XC cells. The viruses tested included 40 intratypic F(MP) recombinants and different batches of virus, belonging to the same strains, that had been produced in two different permissive systems (HEp-2 or Vero cells). Our results indicated that the ability to infect XC cells was determined in part by genetic elements of the virus genome and in part by phenotypic characteristics conferred by the permissive cell that had produced the virus: a virus strain like HSV-1 MP which, when produced in HEp-2 cells, was able to infect XC cells, lost this ability when produced in Vero cells. Working only with viruses produced in HEp-2 cells we showed that the ability to enter XC cells could be transferred from the MP strain to the F strain (which does not normally infect XC cells efficiently) by transfer of the cloned BamHI B (map units 0.745 to 0.81) or BamHI L (map units 0.706 to 0-745) fragments isolated from MP DNA. The implicated locus or loci seemed to segregate, however, from loci controlling gC synthesis and cell fusion, which have been described as mapping in the same region.
Penetration of herpes simplex virus type 1 (HSV-1) into permissive cultured cells is thought to occur through fusion between the virus envelope and the host cell plasma membrane. This mode of penetration most probably reflects the physiological entry of the virus into epithelial cells where it develops its lytic cycle in the organism. Little is known, on the other hand, about the possibility that the virus could enter other cell types in a different way, and particularly nerve cells in which the virus remains latent, nor how the virus could control, at the level of penetration, which type of cell will be infected.
The only virus function that has been clearly and positively related to penetration is gB, a glycoprotein which appears to mediate fusion with the cell membrane (Sarmiento et al., 1979; DeLuca et al., 1982) . Variant viruses lacking glycoprotein gC are able to infect cells in vitro, which has led to the conclusion that this function plays no role in penetration. However, two independent observations suggest that this may not be the case and that gC could in fact affect penetration, though in a negative way. Firstly, DeLuca et al. (1982) have observed that mutants lacking gC entered permissive cells at an increased rate when compared with the parental gC ÷ strains. Secondly, we have observed in the restrictive cell line XC that some strains lacking gC (MP, 13VB4) were able to penetrate these cells whereas strains having a high gC content (F, HFEM) failed to do so ). For simplicity, strains able to enter these cells, like MP, were designated 'positive' because they induce the synthesis of detectable amounts of virus polypeptides, whereas strains like F or HFEM were designated 'negative' because the synthesis of virus polypeptides in XC cells was not detectable unless fusion between the virus envelope and the plasma membrane had been promoted by polyethylene glycol (PEG) treatment (Epstein et al., , 1984 . These differences between 'positive' and 'negative' viruses 0000-7543 © 1987 SGM Short communication were shown to be genetic, since the ability to enter XC cells could be transferred from the 'positive' MP virus to the 'negative' F or HFEM viruses. These studies implicated the region between coordinates 0.70 and 0.83 of the MP genome, as containing the locus determining penetration into XC cells (Epstein et al., 1984) . This is a complex region, which has been shown to contain a gC-controlling locus, and at least two loci affecting fusion of infected cells (Syn loci) (Ruyechan et al., 1979; Bond & Person, 1984; Machuca et al., 1986) . In the present work we investigate further the nature of the determination of the ability to enter XC cells, showing that this phenotype is under the control of both the virus genome and external factors, namely the permissive cells in which the virus has been multiplied.
In the first series of experiments we tested the expression in XC cells of 40 recombinants whose properties have been described elsewhere (Machuca et al., 1986) . These recombinants were obtained by transfer of the cloned BamHI L (0-706 to 0-745) or BamHI B (0.745 to 0"81) and the uncloned Hpa] TXO (0.710 to 0.761) DNA fragments from the 'positive' MP strain into the 'negative' F recipient strain, and were respectively designated F(MP)BL, BB and HT. The Syn phenotype on Vero cells was used for the selection of recombinants because of the restriction of XC cells for HSV-1. The number of purified recombinants was 16 BL, 16 BB and eight HT recombinants respectively (Machuca et al., 1986) .
Replicate XC cell cultures, grown as previously described were infected with the F(MP) recombinants or both parental strains at 50 p.f.u./cell and labelled between 5 to 6 h post-infection. In each of the three series we found several recombinants able to express virus functions in XC cells: in the BL group, six expressed virus-specific polypeptides like ICP5, 6, 8, 11, 25 and 29 . Fig. 1 (a) represents three recombinants of this group, including the 'positive' BL16. For the BB and HT groups, three recombinants of each expressed polypeptides in XC cells (data not shown). Table 1 shows the characteristics of some of the BL recombinants with regard to plaque morphology on permissive HEp-2 and Veto cells, gB and gC phenotypes on HEp-2 cells and expression on XC cells. Similar characteristics were observed with the BB and HT groups. These results confirmed our previous observation that the ability to penetrate into XC cells could be genetically transferred from a 'positive' strain to a 'negative' one and also indicated that the function(s) implicated in virus penetration into XC cells lay at each side of map unit 0.745 in the MP genome. Although it is tempting to postulate that the sequences that control penetration into XC cells are the same as those which control gC and Syn phenotypes in permissive cells, it must be noted that our results indicated that the phenotype under study seemed to segregate from.the gC-controlling locus. Although positive correlations with gC-or Syn phenotypes were rather high (several Syn mutants independently isolated from the negative HFEM strain also behaved as positive populations, data not shown), Table I also shows that not all Syn recombinants were able to enter XC cells, suggesting perhaps that only certain Syn mutations affect virus penetration. A possible interpretation of our data would be that each of the two DNA fragments (BamHI B and L) encodes a polyvalent function that can affect in a pleiotropic way several envelope-related phenotypes. The recently described 'fusion protein' which maps in BamHI L (Debroy et al., 1985) might well be one of these functions.
The genetic differences discussed above were stable and reproducibly found each time the virion populations were produced on human HEp-2 cells. Several HSV-1 viruses, that had been scored as 'positive' in previous tests, were now produced in parallel in HEp-2 or Vero cells at an m.o.i, of 0.01 p.f.u./cell and the resultant virion populations were employed to infect XC cells, as in the previous experiments. As shown in Fig. 1 (b) , only the viruses produced in HEp-2 cells were able to induce the synthesis of virus polypeptides in XC cells, whereas those produced in the simian cell line were unable to do so. Thus, the 'positive' viruses behaved like 'negative' ones when produced in the simian Vero cells, although the viruses produced in HEp-2 or Vero cells had similar titres (on Vero cells) and similarly infected both types of permissive cells (data not shown). These results are consistent with observations made by Becket et al. (1974) . These authors reported that HSV-I strain HF was able to penetrate, and to multiply, in XC cells if the virus had been produced on permissive rat cells transformed by the B77 strain of Rous sarcoma virus (R-B77 cells), but was unable to penetrate XC cells after production in the simian cell line BSC-1. They suggested, from this observation, that some kind of rat or retroviral homology between the XC cell plasma membrane and the HSV-1 envelope was necessary to enable the virus to penetrate into the cells. However our results diverge from theirs in two respects. Firstly, the modifications in the virus envelope determining the ability or inability of the virus to enter XC cells were clearly not a matter of homology between the XC cell membrane and the virus envelope; we prefer to interpret these results in terms of differences in processing of the virus glycoproteins in the different cell lines. ARhough our results did not prove that the loss of the ability to infect XC cells was related to glycoproteins, both the observations that these are major mediators of penetration and that they change in several ways when produced in HEp-2 or in Vero cells (Pereira et al., 1981 (Pereira et al., , 1982 Zezulak & Spear, 1984) are consistent with that hypothesis. Secondly, in no case did we observe any multiplication of HSV-1 in XC cells, even when virus populations had been grown in (L × XC) permissive hybrid cells (Epstein et al., 1985) or in Rat-1 cells (data not shown).
We have previously shown that the differences in behaviour between virus populations concerning ability to infect XC cells are, at least in part, related to differential ability to penetrate, since PEG treatment enables 'negative' virus populations to express functions in these cells (Epstein et al., , 1984 . These results have suggested that the virus glycoproteins are different in 'positive' or 'negative' virus populations. In this paper we have shown that only some HSV-1 strains were able to infect XC cells, and then only when they had been produced in some cell types, such as HEp-2 cells. This phenotype was thus dependent on both the genetic properties of the virus strain and on the phenotypic traits conferred by the permissive cells that had produced the virion population. This is not paradoxical and can be explained by the fact that virus glycoproteins are complex, being determined by two different genotypes: the polypeptide backbone is encoded by the virus, whereas most or all of the functions in the processing of the glycoproteins are encoded by the cell genome and can vary from cell to cell.
At the molecular level however, our present results did not allow us to confirm any simple model of penetration based on quantitative gB/gC glycoprotein differences (Epstein et al., 1984) , though it remains true that the absence or diminution in the amounts ofgC, as well as the expression of a Syn phenotype, are generally correlated with increased penetration of the particles into XC cells. This phenotype could be affected by qualitative modifications in gB or gC glycoproteins, not detectable at the electrophoretic level. Alternatively, other functions involved in fusion of membranes, like gD (Noble et al., 1983) , gH (Buckmaster et al., 1984) or perhaps the fusion protein (Debroy et al., 1985) might also be implicated in the penetration of the particles.
We have observed that the ability to infect a particular cell line can depend on the permissive cell type the virus has found in its last repticative cycle. This observation seems to us significant since it predicts that functions like pathogenicity, virulence or the ability to establish latency might be a variable phenotypic trait, not completely determined by the virus genome.
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